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~ cesses. The batch of substrates to be processed is remov-

1
METHOD FOR PROVIDING SUBSTANTIALLY
' WASTE-FREE CHEMICAL VAPOR DEPOSITION

OF THIN-FILM ON SEMICONDUCTOR
| SUBSTRATES 5

FIELD OF THE INVENTION

This invention is directed to the field of integrated
circuit fabrication, and more particularly, to novel
- method and apparatus for providing substantially was-

‘tefree vacuum chemical vapor deposition (V-CVD) of
thin-film on semiconductor substrates.

'BACKGROUND OF THE INVENTION

Semiconductor substrates are typically batch pro-
cessed in vacuum chemical vapor deposition (V-CVD)
diffusion furnaces to form a thin-film of selected charac-
teristics on the semiconductor substrates during the
various phases of the integrated circuit fabrication pro-

10
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20

ably disposed into a longitudinally extending reaction

chamber maintained at a selected temperature and vac-

uum condition for the particular V-CVD process being

run, and one or more reactants in gas phase are control- 15

lably injected into the longitudinally extending reaction

chamber via gas injectors. A portion of the one or more

- reactants in gas phase pyrolytically decomposes and is

- surface catalized by the substrates to deposit intended
thin-film in solid phase thereon. Another portion of the 5,
one or more reactants in gas phase is surface catalyzed

by the surfaces of the reaction chamber and gas injec-
tors to deposit material thereon that must be removed at
regular intervals during which the V-CVD diffusion
furnace is inoperative for routine down-time cleaning. ;5

- Reference may be had to co-pending application Ser.
No. 552,454, entitled MODULAR V-CVD DIFU-
SION FURNAUCE, invented by the same inventive
entity and assigned to the same assignee as the instant
invention, incorporated herein by reference, for its dis- 4q
closure of a novel diffusion furnace operative to extend
the interval between routine down-time cleaning by a
factor of between 20 and 50 over the theretofore known -
furnaces. The remaining portion of the one or more
reactants 1n gas phase, typically the major portion of the 45

- reactants injected into the reaction chamber, is dis-
charged as a waste-effluent stream that forms into flaky,
porous, and powdery deposits in the vacuum system
itself. o - |
. Typically, from 70 to 85% of the one or more reac- 50

- tants in gas phase injected into the reaction chamber
exit as a waste-effluent stream into the vacuum system.
This commonly necessitates cleaning the filter of the
vacuum system once per shift, and necessitates chang-
ing the oil of the vacuum system once every several 55
shifts. These oil and filter changes are not only messy,
particularly in view of the clean-room environment in

~ which the CVD processes are run, but also are disad-

- vantageous due to the labor and materials costs incurred

for each such change. Moreover, the vacuum pump 60

- itself must commonly be changed at least on a quarterly
‘basis. Not only are considerable labor and material costs
incurred in changing the vacuum pump, but it com-
monly takes approximately from one-half to one shift to

- replace the pump, and approximately another one-half 65

- shift to once again start up the CVD processes, during

which times the furnace is inoperable with consequent

loss of revenues and material throughput. |
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SUMMARY OF THE INVENTION

' The novel method and apparatus for providing sub-
stantially effluent-waste free V-CVD of thin-film on
semiconductor wafers of the present invention contem-
plates a first diffusion furnace having an effluent-waste
stream for depositing selected thin-film on semiconduc-
tor substrates removably disposed in the first diffusion
furnace, and an in-line second diffusion furnace coupled
in fluid communication with the first diffusion furnace
for depositing substantially all the effluent-waste stream

-of the first diffusion furnace on baffles removably dis-

posed in the second diffusion furnace prior to the vac-
uum system. The in-line first and second diffusion fur-
naces of the present invention thereby result in more
economical vacuum chemical vapor deposition of thin-
film on semiconductor substrates. The present invention
subtantially eliminates the need to regularly maintain
and replace the vacuum system together with its conse-
quent down-time like in the heretofore known CVD
systems, and significantly improves material processing
throughput capability with attendant revenue genera-
tion typically paying for itself within the first quarter of
its operation. | |

‘The novel method and apparatus for providing sub-
stantially wast-free vacuum chemical vapor deposition
of thin-film on semiconductor wafers of the present
invention in preferred embodiment includes a first
V-CVD diffusion furnace, preferably of the type dis-
closed in the above-identified co-pending application,
for depositing intended thin-film on vertically oriented
semiconductor substrates, and an ultraviolet enhanced

‘vacuum chemical vapor deposition (UV-CVD) diffu-

sion furnace coupled downstream of the first V-CVD
diffusion furnace and upstream of a common vacuum
system for depositing substantially all of the effluent-
waste stream on baffles prior to the vacuum system.
The UV-CVD diffusion furnace substantially traps the
effluent-waste stream of the first diffusion furnace
thereby substantially eliminating the need for regular
maintenance and replacement of the vacuum system.
Any other suitable low-efficiency V-CVD diffusion
furnace for depositing intended thin-film on semicon-
ductor substrates and any other suitable high-efficienty
V-CVD diffusion furnace for depositing the effluent-
waste stream of the upstream diffusion furnace on suit-
able baffles provided therefor can be employed as well
without departing from the inventive concept.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages and features of the present inven-
tion will become apparant as the invention becomes
better understood by referring to the following exem-
plary and non-limiting detailed description of the pre-
ferred embodiment, and to the drawings, wherein:

FIG. 1 18 a not-to-scale pictorial diagram illustrating
the novel method and apparatus for providing substan-
tially waste-free vacuum chemical vapor deposition
(V-CVD) of thin-film on semiconductor substrates ac-
cording to the present invention;

FIG. 2 1s a perspective view illustrating a component
of FIG. 1; |

FIG. 3 is a perspective view illustrating another com-
ponent of FIG. 1;

FIG. 4 is a perspective view illustrating a further
component of FIG. 1; |
- FIG. 5 1s a perspective view illustrating another com-
ponent of FIG. 1; and
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FIG. 6 is a perspective view illusi;rating another com-
ponent of FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to FIG. 1, generally designated at 10
is a not-to-scale pictorial diagram illustrating the appa-
ratus and method for providing substantially waste-free
vacuum chemical vapor deposition (V-CVD) of thin-
film on semiconductor substrates according to the pres-
ent invention. The system 10 includes a first, compara-
tively low-efficiency thin-film deposition stage desig-
nated by a bracket 12 to be described for depositing
selected thin-film on semiconductor substrates, and a
second comparatively high-efficiency effluent-waste
stream removing stage designated by a bracket 14 to be
described downstream of the stage 12 for depositing
substantially all of the effluent-waste stream produced
by the deposition stage 12 onto disposable baffles pro-
vided therefor. A common vacuum system generally
designated 16 for the stages 12, 14 is provided for main-
taining a selected vacuum condition in the stages 12, 14.
As appears more fully below, the stage 14 removes
substantially all of the effluent-waste stream produced
by the deposition stage 12 prior to the vacuum system
thereby substantially eliminating the need to maintain,
repair, and replace the vacuum system 16.

The stage 12 includes a diffusion tube 18 having open
ends defining a longitudinally extending cylindrical
- reaction chamber 20. The tube 18 is preferably symmet-

. rically shaped, and is fastened from any suitable high-.

temperature material such as quartz. Annular quartz
flanges 22, 24 are integrally formed on the tube 18 re-
spectively surrounding the open ends thereof.

A heating system generally designated 26 is coupled
to the diffusion tube 18 for controllably maintaining a
selected temperature in the reaction chamber 20. The

. heating system 26 preferably includes a resistance ele-

- ment 28 coiled peripherally around the diffusion tube 18

. that is connected to a heat control system 30. The heat
~ control system 30 is operative in known manner to
--selectively energize the coil 28 to establish an intended
temperature in the chamber 20. One or more thermo-
couples, not shown, are positioned in the chamber 20
and electrically connected to the heat control system 30
to precisely maintain a selected temperature in the
chamber 20 to within a selected tolerance.

A first door generally designated 32 having a central
aperture 34 i1s removably fastened in air-tight sealing
engagement with the annular flange 22 via an O-ring 36.
As best seen in FIG. 2, the door 32 includes a plate 38,
preferably fashioned from any suitable metal such as
stainless steel, having upstanding integral spaced sup-
port legs 40, 42. An annular groove generally desig-
nated 44 i1s provided circumferentially around the cen-
tral aperture 34 that is dimensioned to accept the O-ring
36 (F1G. 1). A plurality of apertures 46 are provided
peripherally around the groove 44 and through the
plate 38 to provide mounting openings for removably
fastening the plate 38 to the flange 22 (FIG. 1). A plural-
ity of radially extending apertures 48 defining gas injec-
tion ports are provided through the circumferential
wall of the door 32 that are individually in communica-
tion with the chamber 20 (FIG. 1) for controllably
injecting reactant in gas phase thereinto as illustrated at
50 (FIG. 1).

A boat loader generally designated 52 is removably
fastened in air-tight sealing engagement with the first
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door 32 via an O-ring $4. The boat loader 52 includes a
plate 55 having a Iongitudinally extending cantilevered
arm 56. Although a cantilevered arm is specifically
illustrated, it will be appreciated that carriage-type and
wheelbarrel-type arms can be employed as well. A
plurality of semiconductor substrates 58 are supported
in a boat 60 of conventional design in longitudinally
spaced-apart relation, with the plane of the substrates
being generally coincident with the vertical plane. The
plate 55 of the boat loader 52 is connected to a motor
that controls its translation, not illustrated, for inserting
the arm 56 into the reaction chamber 20 and for remov-
ing the arm 56 out of the reaction chamber, and there-
with the boat-loaded substrates S8.

A second door generally designated 64 is removably
fastened to the annular flange 24 in air-tight sealing
engagement therewith via an O-ring 66. As best seen In
FIG. 3, the door 64 includes a plate 68, preferably fash-
ioned from any suitable metal such as stainless steel,
having upstanding integral spaced support legs 70, 72.
The plate 68 is provided with a central aperture gener-
ally designated 74 to be described, and an annular
groove generally designated 76 surrounding the aper-
ture 74 adapted to accept the O-ring 66 (FIG. 1). A bore
78 intermediate the groove 76 and the aperture 74 is
provided for connection to a vacuum monitoring de-
vice, not 1llustrated; a bore 80 intermediate the groove
76 and the aperture 74 is provided for connection to a
temperature monitoring device, not illustrated; and
three precisely aligned gas injection tube receiving
apertures 82 intermediate the groove 76 and the bore 74
are provided for receiving gas injection tubes to be
described. A plurality of apertures 84 are provided
peripherally around the groove 76 and through the
plate 68 to provide mounting openings for removably
fastening the plate 68 to the annular flange 24 (FIG. 1).

A plurality of gas-injection tubes 86 are shdably
mounted through the precisely aligned apertures 82
(FIG. 3), and are held in air-tight sealing engagement
with the confronting walls of the openings 82 by any
suitable gasket 88 such as an Ultra-Torr fitting commer-
cially available from Cambridge Valve & Fitting Com-
pany, Cambridge, Mass. Each of the injection tubes 86
are operatively connected to a gas-injection system 90
operative to controllably introduce one or more prese-
lected reactants in gas phase into the reaction chamber
20 selected for any one of various V-CVD) processes
well-known to those skilled in the art.

A liner generally designated 92 is slidably inserted in

the diffusion tube 18. As can best be seen in FIG. 4, the

liner 92 preferably includes a cylinder 94 having open
ends fashioned from any suitable high-temperature ma-
terial such as quartz. The dimension of the cylinder 94
is selected to be just less than the longitudinal dimension
of the diffusion tube 18, and has an outside diameter
selected to be just less than the inside diameter of the
cylindrical diffusion tube 18.

The second stage 14 includes a diffusion tube 94,
fashioned from any suitable high-temperature resistant
material such as quartz, defining a horizontally extend-
ing reaction chamber 96. An upstanding flange 98 is
integrally formed on one end of the tube 94, and a neck
100 that tapers to a throat 102 1s integrally formed on
the other end of the diffusion tube 94.

A third door generally designated 104 is removably
fastened to the annular flange 98 in air-tight sealing
engagement therewith via an O-ring 106. As best seen in
FIG. §, the door 104 includes a plate 105, preferably




fashioned from any suitable metal such as stainless steel,
having upstanding integral spaced support legs 108, 110.
The plate 105 includes a central aperture generally
designated 112 to be described, an annular groove gen-
“erally designated 114 surrounding the aperture 112

~ adapted to accept the O-ring 106 (FIG. 1), and a plural-
ity of apertures 116 peripherally around the groove 114

that provide mounting openings for removably fasten-
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Excess oxygen 146 is bubbled through a mercury
reservoir 148 and injected through the gas ports 120

- 1nto the reaction chamber 96. For the exemplary mer-

~ing the plate 106 to the annular flange 98 (FIG. 1). A

- plurality of radially extending ports 118 are provided

through the circumferential wall of the door 104 that

- are individually in communication with the chamber 96

(FIG. 1) for controllably injecting reactant in gas phase
“thereinto as illustrated at 120 (FIG. 1).

A vacuum conduit 122 is fastened to the apertures 74,

112 of the doors 64, 104 in air-tight sealing engagement

therewith. The vacuum conduit 122 provides fluid com-

- munication between the chambers 20, 96 of the diffusion

 tubes 18, 94 respectively. A valve 124 is provided along

the vacuum conduit 122.

A liner generally designated 126 is slldably inserted
- into the diffusion tube 94. As best seen in FIG. 6, the
liner 126 preferably includes a cylinder 128 having open
ends fashioned from any suitable high-temperature ma-
terial such as quartz. The dimension of the cylinder 128

- 1s selected to be just less than the longitudinal dimension

10
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of the diffusion tube 94, and has an outside diameter

~ selected to be just less than the inside dlameter of the

-+ “tube 94.

-~ A plurality of upstandmg bafﬂes 129 are supported by
- a member 130 in longidutinally spaced-apart relation,
with the plane of the baffles being generally coincident

o\ with the vertical plane. The baffles 129 and the support

130 may be semiconductor substrates supported on a

o conventional boat, although any other suitable baffles

© and baffle support may be employed as well without

<. departing from the inventive concept. In the exemplary

embodiment, the support 130 is slidably inserted in the

“-Ee o reaction chamber 96 and rests on the confronting sur-
v face of the liner 126, but may be supported thereoff by
L any--suitable means, not illustrated.

. A heating system generally designated 132 is coupled
~to the diffusion tube 94 to controllably maintain a se-

- lected temperature in the reaction chamber 96. The

heating system 132 preferably includes a resistance ele-
-ment 134 coiled peripherally around the diffusion tube
94 that is connected to a heat control system 136. The

cury-sensitized photochemical (UV-CVD) process, the
light source 138 is operative to produce light at the

- wavelength of mercury vapor, substantlally 2537 A. It

will be appreciated by those skilled in the art that other
photosensitizers, such as thalium, zenon, cadmium, and
zinc, and light at the corresponding wavelength, can be
employed as well w1thout departing from the inventive -
concept.

A mercury amalgum trap 150 is coupled to the neck
102 of the diffusion tube 94 via a ball valve 152. The
vacuum system 16 includes an oil filter 154 operatively
connected to a vacuum pump 156 that is connected v1a
a ball valve 158 to the trap 150.

In exemplary operation of the system 10 to provide
substantially waste-free vacuum chemical vapor deposi-
tion of SiO; thin-film on the plurality of substrates 58
positioned in the reaction chamber 20 of the diffusion
furnace 18, the vacuum control system is operative to
maintain the pressure in the stages 12, 14 typically at 300
to 400 microns, the gas injection system 90 is operative

‘to inject silane (SiH4) through the injection tubes 86

into the reaction chamber 20, and oxygen is injected via
the gas ports 50 of the door 32 into the reaction cham-
ber 20. The heating control system 30 is operative to
produce a uniform temperature in the reaction chamber

20 of about 400°-450° Centigrade. The heating control

30

system 136 maintains an exemplary uniform tempera-

ture in the reaction chamber 96 of the downstream

335

diffusion furnace 94 from 75° to 300° Centigrade. Mer-
cury sensitilized oxygen is injected into the chamber 96
via the ports 120 and the light system 138 is operative to
produce light at the 2537 A line for mercury.

A portion of the reactants in gas phase injected into
the stage 12, typically 15 to 30%, pyrolytically decom-
pose mn the furnace 18 and deposit intended thin-film on
the wafers 58, as well as on the liner 92 and gas injection
tubes 86. The remaining portion of the reactants in gas
phase, typically from 70 to 85% thereof, form an efflu-

- ent-waste stream that is discharged downstream of the

435

heat control system 136 is operative in known manner

to selectively energize the coil 134 to establish an in-
- tended temperature in the reaction chamber 96. One or
more thermocouples, not shown, are positioned in the
chamber 96 and electrically connected to the heat con-
trol system 136 to precisely maintain a selected temper-
ature in the chamber 96 to within a selected tolerance.

A light source generally designated 138 is coupled to
the diffusion tube 94 for controllably exciting the reac-
‘tion chamber 96 at one or more: preselected wave-

~ lengths. The light source 138 includes a plurality of

selected wavelength, high-intensity lamps 140 circum-
ferentially disposed around the diffusion tube 94, only
~.one of which is specifically illustrated. Photons sche-
matically illustrated at 142 pass through the quartz dif-

fusion tube 94 into the reaction chamber 96. A light

- source control system 144 is connected to the lamps 140
for monitoring their temperature and for controlling the

50

35

60

635

voltage and current applied thereto for establishing and

- maintaining photon excitation of the wavelength se-
| 'lected for the partloular CVD process |

diffusion tube 18 via the vacuum coupling 122 and into
the stage 14. This effluent-waste stream and the photo-
sensitized oxygen injected into the reaction chamber 96 -
photochemically react and pyrolytically decompose
depositing substantially all of the effluent-waste stream
onto the baffles 129. It should be noted that any prere-
acted particulate material contained in the effluent-
waste stream 1s physically filtered by the baffle assem-
bly in the stage 14. In this manner, the vacuum system
16 can be operated substantially continuously, without

‘having to change the filter 154, the oil, or the vacuum
‘pump 156. Thus, materials processing for vacuum sys-

tem maintenance is not interrupted and significantly
enhanced revenue is generated. The system 10 typically

-pays for itself within the first quarter of its operation.

The batch of coated substrates 58 is then removed
from the diffusion furnace 18, and the same or another
process is run on another batch of substrates. In the case
where the liner 92 or the liner 126 needs to be removed
for cleaning, the corresponding door 52, 104 is unfas-
tened from its flange, and the soiled liner is slidably
removed and replaced by a clean liner without further
system disconnection. Soiled gas-injection tubes 86 are
likewise expeditiously disconnected and clean tubes
reconnected again without requiring disconnection
from the vacuum or heating systems.
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Many modifications of the presently disclosed inven-
tion will become apparent to those skilled in the art
without departing from the scope of the appended
claims. It will be apprecmted that the significantly en-

hanced materials processing throughput capabililty of 5

the exemplary embodiment can be achieved by any
suitable combination of low-efficiency and downstream
high-efficiency stages other than that specifically illus-
trated without departing from the inventive concept.

What 1s claimed is: - -
1. A method for prov1d1ng substantlally waste-free

chemical vapor deposition (CVD) of thin-film on semi-

conductor substrates, comprising the steps of:

depositing selected thin-film on semiconductor sub-
strates in a first chemical vapor deposition (CVD)
reaction chamber of a diffusion furnace by a first
comparatively low-efficiency CVD reaction that
produces a substantial effluent-waste stream; and

depositing substantially all of the effluent-waste
stream on the surfaces of elements provided there-
for by a second comparatively high-efficiency
CVD reaction different from the first compara-
tively low-efficiency CVD reaction in a second
chemical vapor deposition diffusion furnace.

2. The method of claim 1, further including the step
of removing the semiconductor substrates from the
reaction chamber after the thin-film is depostted
thereon.

8

3. The method of claim 2, wherein said reaction
chamber is defined in a vacuum chemical vapor deposi-
tion (V-CVD) diffusion furnace.

4. The method of claim 1, futher including the step of

disposing of the elements after the effluent-waste

stream has been deposited thereon.

5. The method of claim 4 wherein, said reaction

- chamber is defined in a ultraviolet chemical vapor de-

10
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20
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30

35
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50

55

65

position (UV-CVD) diffusion furnace.

6. A method for substantially eliminating the effluent-
waste of a vacuum chemical vapor deposition diffusion
furnace of the type that deposits selected thin-film on
semiconductor substrates by a first comparatively low-
efficiency vacuum chemical vapor deposition reaction
that produces a considerable effluent-waste stream con-
sisting of excess unreacted reactants in gas phase, com-
prising the steps of:

directing the effluent-waste stream into a reaction

chamber of another vacuum chemical vapor depo-
sition furnace; and

depositing substantially all of the effluent-waste

stream on disposable material positioned in the
reaction chamber by a second comparatively high-
efficiency chemical vapor deposition reaction.

7. The method of claim 6, wherein said high-effi-
ciency chemical vapor deposition reaction is a photo-

sensitized vacuum chemical vapor deposition reaction.
* x x x x
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